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BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a navigation sys-
tem for use with a mobile object, and more particularly
to a navigation system including a data processor for
producing data to estimate the position of a reception
point highly accurately.

Description of the Prior Art:

There are known stand alone type positioning de-
vices for navigating various mobile objects such as
automobiles, airplanes, ships, or the like in a global
geometrical region. Astand alone type navigation sys-
tem on a mobile object has an direction sensor and a
speed sensor. The stand alone type navigation sys-
tem determines a two-dimensional displacement
(vector quantity) of the mobile object based on direc-
tion data from the direction sensor and speed data
from speed sensor, and finds the present position of
the mobile object by adding the determined two-di-
mensional displacement to the positional data of a ref-
erence position. For example, the stand alone type
positioning system on an automobile produces a pre-
determined number of pulses per revolution of the
drive shaft of the automobile, and calculates the dis-
tance that the automobile has traveled by multiplying
a distance calculated from the total number of pulses
produced while the automobile has moved from the
reference position to the present position, by a dis-
tance corrective coefficient. Since, however, the two-
dimensional displacement contains accumulated er-
rors of the direction and speed sensors, the stand
alone type positioning system requires some means
for eliminating the accumulated errors. More specifi-
cally, because of the accumulated errors of the sen-
sors, if a distance corrective coefficient that has once
been established for the speed sensor remained un-
changed, then the calculated distance would include
an error. Distances calculated for automobiles by
stand alone type positioning systems are also sub-
jected to errors depending on the number of passen-
gers on board and the conditions of roads on which
the automobiles run. Consequently, when an automo-
bile with a stand alone type positioning system makes
a turn at an intersection, it has heretofore been nec-
essary for the user of the navigation system to man-
ually correct the distance corrective coefficient if the
user finds the navigation system either overrunning
or underrunning.

Such accumulated errors cause no problem with
global positioning systems (GPS) for determining the
position of a mobile object in a global geometrical re-
gion based on radio waves transmitted from three or
more GPS satellites. The global positioning system
determines the position of a reception point where its
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radio-wave receiver has received the radio waves,
based on quasi-distance data between the GPS sat-
ellites and the reception point, including a time offset
of the receiver, and positional data of the GPS satel-
lites.

The global positioning systems produce direction
data by measuring the rate of change of the quasi-dis-
tance data based on Doppler shifts observed in the
radio waves from the GPS satellites. Consequently,
when the reception point moves slowly, the direction
data produced by the global positioning system is of
low accuracy. Furthermore, when the reception point
is at rest, the speed data obtained by the global pos-
itioning systems becomes larger than the actual
speed due to the multipath effect of the radio waves,
and the global positioning systems generate wrong di-
rection data.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a navigation system which can produce data to esti-
mate the present position of a reception point with
high accuracy even when the reception point is mov-
ing slowly or at rest.

Another object of the present invention is to pro-
vide a navigation system capable of automatically
correcting a distance corrective coefficient for accu-
rately determining the distance that a reception point
has traveled.

According to the present invention, there is pro-
vided a navigation system including GPS positioning
unit for determining a present position thereof from ra-
dio waves transmitted from GPS satellites, stand
alone type positioning unit including an direction sen-
sor and a speed sensor, for determining a present
position thereof from direction data from the direction
sensor and speed data from the speed sensor, and
data processing unit for selecting one, at a time, of
data from the GPS positioning unit and data from the
stand alone type positioning unit, the data processing
unit including unit for selecting the data from the GPS
positioning unit if a PODP value is equal to or smaller
than a predetermined value, if speed data from the
GPS positioning unit is equal to or greater than a pre-
determined value, and if the difference between the
speed data from the GPS positioning unit and the
speed data from the stand alone type positioning unit
is equal to or smaller than a predetermined value.

The data processing unit may comprise unit for
selecting the data from the GPS positioning unit addi-
tionally if the data from the GPS positioning unit has
been obtained consecutively three times at time inter-
vals each equal to or smaller than a predetermined
value, and if the consecutive three data from the GPS
positioning unit are equal to or smaller than a prede-
termined value.

According to the present invention, there is also
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provided a navigation system including GPS position-
ing unit for determining a present position thereof
from radio waves transmitted from GPS satellites, the
GPS positioning unit Including unit for determining the
distance between two geographical points, stand
alone type positioning unit including a speed sensor,
for determining a present position thereof from speed
data from the speed sensor using a distance correc-
tive coefficient, and data processing unit for correct-
ing the distance corrective coefficient based on the
determined distance from the GPS positioning unit if
a PODP value is equal to or smaller than a predeter-
mined value, if speed data from the GPS positioning
unit is equal to or greater than a predetermined value,
and if the difference between the speed data from the
GPS positioning unit and the speed data from the
stand alone type positioning unit is equal to or smaller
than a predetermined value.

The data processing unit may comprise unit for
correcting the distance corrective coefficient based
on the determined distance from the GPS positioning
unit additionally if the data from the GPS positioning
unit has been obtained consecutively three times at
time intervals each equal to or smaller than a prede-
termined value, and if the consecutive three data from
the GPS positioning unit are equal to or smaller than
a predetermined value.

According to the present invention, there is fur-
ther provided a navigation system including GPS pos-
itioning unit for determining a present position thereof
from radio waves transmitted from GPS satellites, the
GPS positioning unit including unit for producing
speed data, stand alone type positioning unit includ-
ing a speed sensor, for determining a present position
thereof from speed data from the speed sensor using
a distance corrective coefficient, and data processing
unit for correcting the distance corrective coefficient
based on the speed data from the GPS positioning
unit if a PODP value is equal to or smaller than a pre-
determined value, if speed data from the GPS posi-
tioning unit is equal to or greater than a predetermined
value, and if the difference between the speed data
from the GPS positioning unit and the speed data from
the stand alone type positioning unit is equal to or
smaller than a predetermined value.

The data processing unit may comprise unit for
correcting the distance corrective coefficient based
on the determined distance from the GPS positioning
unit additionally if the data from the GPS positioning
unit has been obtained consecutively three times at
time intervals each equal to or smaller than a prede-
termined value, and if the consecutive three data from
the GPS positioning unit are equal to or smaller than
a predetermined value.

The above and other objects, features, and ad-
vantages of the present invention will become appa-
rent from the following description when taken in con-
junction with the accompanying drawings which illus-
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trate preferred embodiments of the present invention
by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a navigation system
according to the present invention;

FIG. 2 is a detailed block diagram of a GPS pos-
itioning device in the navigation system shown in
FIG. 1;

FIG. 3 is a flowchart of an operation sequence of
the navigation system according to the presentin-
vention;

FIG. 4 is a flowchart of another operation se-
quence of the navigation system; and

FIG. 5 is a flowchart of still another operation se-
quence of the navigation system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows in block form a navigation system
according to the present invention. The navigation
system is typically mounted on an automobile, for ex-
ample, for estimating the present position of the auto-
mobile and conducting the automobile to a desired
destination.

As shown in FIG. 1, the navigation system gen-
erally comprises a GPS positioning device 1, a stand
alone type positioning device 2, a data processor 9,
a memory 10, a decoder 11, and a display unit 12.

The GPS positioning device 1 has a GPS antenna
3 for receiving radio waves from GPS satellites, a
GPS receiver 4 connected to the output terminal of
the GPS antenna 3, and a GPS position calculating
unit 5 for determining the present position of a recep-
tion point, i.e., a mobile object such as an automobile,
based on a signal from the GPS receiver 4.

The stand alone type positioning device 2 has an
direction sensor 6 for detecting the direction of the re-
ception point, a speed sensor 7 for detecting the
speed of the reception point, and a stand alone type
position calculating unit 8 for determining the present
position of the reception point from the past running
data or history of the reception point based on signals
from the sensors 6 and 7.

The memory 10, which may be a compact disc, a
ROM, or the like storing map information or the like,
is connected through the decoder 11 to the data proc-
essor 9. The display unit 12, which may be a CRT or
the like, is also connected to the data processor 9.

The GPS position calculating unit 5, stand alone
type position calculating unit 8, and the data proces-
sor 9 are implemented by a microcomputer compris-
ing a central processing unit, a RAM connected to the
central processing unit for temporarily storing data,
and a ROM connected to the central processing unit
for storing various programs for the GPS position cal-
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culating unit 5, stand alone type position calculating
unit 8, and the data processor 9. The GPS position
calculating unit5 calculates the present position of the
reception point based on the signal from the GPS re-
ceiver 4, and outputs data indicating the calculated
present position to the data processor 9. The stand
alone type position calculating unit 8 calculates the
present position of the reception point based on the
signals from the direction sensor 6 and the speed sen-
sor 7, and outputs data indicating the calculated pres-
ent position to the data processor 9. The data proces-
sor 9 selects either the data from the GPS positioning
device 1, i.e., the GPS position calculating unit 5, or
the data from the stand alone type positioning device
2, i.e., the stand alone type position calculating unit 8,
matches the selected data with the map information
around the present position which has been read from
the memory 10, and displays the present position of
the reception point on the display unit 12.

The GPS position calculating unit 5, stand alone
type position calculating unit 8, and the data proces-
sor 9 may be implemented by respective independent
processing circuits.

Selection by the data processor 9 of either the
data from the GPS positioning device 1 or the data
from stand alone type positioning device 2 will be de-
scribed below. The data processor processor 9 se-
lects the data from the GPS positioning device 1 when
the following three conditions are satisfied:

(1) APDORP (Position Dilution of Precision) value

is a predetermined value or greater.

(2) Speed data from the GPS positioning device

1 is of a predetermined value or higher.

(3) The difference between the speed data from

the GPS positioning device 1 and the speed data

from the speed sensor 7 is equal to or smaller
than a predetermined value.

The PDOP value is representative of how posi-
tional errors of the GPS satellites are reflected by the
calculated present position of the reception point. If
the PDOP value is larger, then it indicates that the cal-
culated present position of the reception point is in-
cluding a greater error. It has empirically been found
that the PDOP value, which is used as one condition
for selecting the data from the GPS positioning device
1, should preferably be 4. In the case where the GPS
satellites are located such that the PDOP value is 4,
if measured distances up to the GPS satellites have
an average error of 10 m, then the calculated present
position of the reception point undergoes a standard
error of 40 m, as described below. Therefore, the
present position of the reception point can be deter-
mined highly accurately.

Standard error = PDOP value x Average error of
distances up to GPS satellites =4 x 10 m =40 m.

The speed data from the GPS positioning device
1 should be of a predetermined value or higher to se-
lect the data from the GPS positioning device 1 for the
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following reasons: The GPS positioning device 1 de-
termines the direction of the reception point by meas-
uring the rate of change of quasi-distance data be-
tween the GPS satellites and the reception point due
to Doppler shifts in the radio waves from the the GPS
satellites. Therefore, when the speed of travel of the
reception point is low, the accuracy of the direction
data is also low. Such a problem can be solved by se-
lecting the data from the GPS positioning device 1
only when the speed data from the GPS positioning
device 1 is of a predetermined value or higher. It is
found that a minimum speed for keeping the direction
data highly accurate is preferably about 30 km/h.

When the difference between the speed data
from the GPS positioning device 1 and the speed data
from the speed sensor 7 is equal to or smaller than a
predetermined value, any error of the direction data
which is caused by the multipath effect of the radio
waves can be eliminated. The predetermined value
should preferably be about 3 km/h.

The data processor processor 9 may select the
data from the GPS positioning device 1 when the fol-
lowing two conditions are satisfied in addition to the
above three conditions (1), (2), and (3):

(4) The data from the GPS positioning device 1 is
obtained consecutively three times at time intervals
each equal to or longer than a predetermined time
period.

(5) Three consecutive direction data from the
GPS positioning device 1 are of a predetermined val-
ue or smaller.

The time period in the condition (4) should prefer-
ably be 2 seconds. When the data from the GPS pos-
itioning device 1 is obtained consecutively three times
at time intervals each equal to or longer than 2 sec-
onds, the data has stably been received from the GPS
positioning device 1 for several seconds in the pastup
to the present.

The predetermined value in the condition (5)
should preferably be + 10°. When three consecutive
direction data are equal to or less than £ 10°, the re-
ception point is moving straight. Therefore, if the con-
dition (5) is satisfied, highly accurate direction data
can be obtained from the GPS positioning device 1.

The GPS positioning device 1 will be described in
detail below with reference to FIG. 2.

As shown in FIG. 2, the GPS antenna 3 is con-
nected to the GPS receiver 4 through a preamplifier
31 and a bandpass filter 32. The GPS positioning de-
vice 1 also has a quartz oscillator 35 for producing a
reference frequency signal as a timing control signal,
and a clock generator 36 for generating a clock signal
for controlling the timing of operation of a signal proc-
essor 37 which is connected to the GPS receiver 4.
The GPS position calculating unit 5 is connected to
the signal processor 37.

The GPS receiver 4 has a frequency synthesizer
41 responsive to the reference frequency signal from
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the quartz oscillator 35 and a signal from the signal
processor 37 for generating a signal having the same
pattern as the data relative to the signal carrier of the
GPS satellites, the position of the GPS satellites, and
the clocks in the GPS satellites. A code generator 42
generates a code signal having the same pattern as
a distance signal in response to the clock signal from
the clock generator 36 and the signal from the signal
processor 37. Based on output signals from the fre-
quency synthesizer 41 and the code generator 42, a
data/carrier detector 43 detects, by way of correlation
detection, data relative to the clocks in the GPS sat-
ellites and the orbits of the GPS satellites, and the sig-
nal carrier of the GPS satellites. A code lock detector
44 detects, by way of correlation detection, the dis-
tance signal with the code signal from the code signal
generator 42.

The direction sensor 6 of the stand alone type
positioning device 2 is a geomagnetic sensor or gyro-
compass for detecting the direction in which the re-
ception point moves. The speed sensor 7 is arotation-
al speed sensor. The stand alone type positioning de-
vice 2 calculates the distance that the reception point
has traveled by integrating the speed of the reception
point as detected by the speed sensor 7. The calcu-
lated distance is accumulated in relation to changes
in the direction of movement of the detection point as
detected by the direction sensor 6, thus obtaining past
running data or history of the reception point. Based
on the past running data or history of the reception
point, the path along which the reception point has
moved from the reference position is calculated to de-
termine the present position.

Operation of the navigational data processing
system according to the first embodiment of the pres-
ent invention will be described below with reference to
FIG. 3. The operation sequence shown in FIG. 3 isre-
ferred to as a filtering process.

After the navigational data processing system
starts to operate, the data processor 9 determines, in
a step S1, whether the radio waves from the GPS sat-
ellites are being received by the GPS antenna 3. If the
radio waves from the GPS satellites are being re-
ceived by the GPS antenna 3, then the data processor
9 determines, in a step S2, whether or not the PDOP
value is equal to or smaller than a predetermined val-
ue (= 4). If the PDOP value is equal to or smaller than
4, then the data processor 9 determines, in a step S3,
whether or not the speed data from the GPS position-
ing device 1 is equal to or greater than a predeter-
mined value (= 30 km/h). If the speed data from the
GPS positioning device 1 is equal to or greater than
30 km/h, then the data processor 9 determines, in a
step S4, whether or not the difference between the
speed data from the GPS positioning device 1 and the
speed data from the speed sensor 7 is equal to or less
than a predetermined value (= 3 km/h). If the speed
data difference is equal to or less than 3 km/h, then
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the data processor 9 determines, in a step S5, wheth-
er or not the data from the GPS positioning device 1
has been obtained for the first time. If the data from
the GPS positioning device 1 has not been obtained
for the first time, then the data processor 9 determi-
nes, in a step S6, whether or not the data from the
GPS positioning device 1 has been obtained within a
predetermined time interval (= 2 seconds). If the data
from the GPS positioning device 1 has been obtained
within 2 seconds, then the data processor 9 determi-
nes, in a step S7, whether or not the consecutive di-
rection data from the GPS positioning device 1 are
equal to or less than a predetermined value (= 10°).
If the consecutive direction data from the GPS posi-
tioning device 1 are equal to or less than = 10°, then
the data processor 9 increments a data reception
counter by 1 in a step S8. Thereafter, the data proc-
essor determines, in a step S9, whether or not the
data from the GPS positioning device 1 has been ob-
tained consecutively three times. If the data from the
GPS positioning device 1 has been obtained consec-
utively three times, then the data processor 9 resets
the datareception counter backto 1in a step S10. The
data processor 9 selects the direction data from the
GPS positioning device 1 in a step S11.

If no radio waves are received from the GPS sat-
ellites by the GPS antenna 3 in the step S1, then the
data processor 9 does not select the direction data
from the GPS positioning device 1. If the answer is NO
in each of the steps S2, 83, S4, then the data proces-
sor 9 does not select the direction data from the GPS
positioning device 1 either. If the data from the GPS
positioning device 1 has been obtained for the first
time in the step S5, then the data processor 9 records
the direction data from the GPS positioning device 1
in a step S12, increments the data reception counter
by 1 in a step S13, and does not select the direction
data from the GPS positioning device 1. If the answer
is NO in each of the steps S6, S7, then the data proc-
essor 9 sets the data reception counter to 2 in a step
810, records the direction data from the GPS position-
ing device 1 in a step S15, does not select the direc-
tion data from the GPS positioning device 1. If the data
from the GPS positioning device 1 has not been ob-
tained consecutively three times, then the data proc-
essor 9 does not select the direction data from the
GPS positioning device 1.

Consequently, only when the conditions (1)
through (5) are satisfied, the data processor 9 does
selects the direction data from the GPS positioning
device 1. The filtering process shown in FIG. 3 is re-
peated to preclude GPS data containing a large error
as when the reception point moves slowly or the re-
ceived radio waves experience the multipath effect.
Accordingly, the present position of the reception
point can be estimated with high accuracy.

Before the direction data from the GPS position-
ing device 1 is selected by the data processor 9 in the
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step 811, the direction sensor 6 of the stand alone
type positioning device 2 may be corrected using the
direction data from the GPS positioning device 1. In-
asmuch as direction sensor 6 is corrected frequently,
therefore, the positioning accuracy of the stand alone
type positioning device 2 is increased.

While all the conditions (1) through (5) are
checked in the operation sequence shown in FIG. 3,
the direction data from the GPS positioning device 1
may be selected only when the conditions (1) through
(3) are satisfied.

As described above, the direction data from the
GPS positioning device 1 is selected if at least the
conditions (1) through (3) are satisfied, and the direc-
tion data from the stand alone type positioning device
2 is selected if the conditions (1) through (3) are not
satisfied. Consequently, the present position of the re-
ception point can be estimated highly accurately even
when the reception point is moving slowly or at rest.
The addition of the conditions (4) and (5) to the above
conditions (1) through (3) makes it possible to esti-
mate the present position of the reception point much
more accurately.

The data processor 9 also operates to correct a
distance corrective efficient which is used in the
stand alone type position calculating unit 8 to correct
the speed data from the speed sensor 7 if at least the
conditions (1) through (3), described above with ref-
erence to the first embodiment, are satisfied.

The distance corrective coefficient will be descri-
bed in detail below. Usually, the speed sensor 7 of the
stand alone type positioning device 2 is coupled to a
speedometer cable which rotates with the drive shaft
of the automobile. Therefore, when the drive shaft ro-
tates, the speed sensor 7 generates a pulse signal in-
dicative of the rotational speed of the drive shaft. ltis
now assumed that p = 0 when the speed sensor 7 gen-
erates two pulses per revolution of the drive shaft, p
= 1 when the speed sensor 7 generates four pulses
per revolution of the drive shaft, p =2 when the speed
sensor 7 generates eight pulses per revolution of the
drive shaft, the total number of pulses generated by
the speed sensor 7 while the automobile is traveling
between two geographical points A, B is indicated by
n, and the distance corrective coefficient is indicated
by k. The distance d between the two geographical
points A, B is then expressed by the following equa-
tion:

1
»a (D
where g = 0.39 ... [m] which is a numerical value ac-
cording to JIS for p = 1. From the above equation (1),
the distance corrective coefficient k is given as fol-
lows:

d = kn-

_zad
=224 g

Heretofore, the distance corrective coefficient k
has been determined to be closest to 1 in relation to

k
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the value of p, and has not been corrected once de-
termined. As a result, detection errors of the speed
sensor 7 are accumulated, resulting in a large error in
the calculated distance.

According to the present invention, if the data
from the GPS positioning device 1 satisfy the condi-
tions (1) through (3), the distance corrective coeffi-
cient k is corrected based on the distance d between
the two points A, B. Specifically, when the navigation
system is In an initial state, the data processor 9 de-
termines the value of p such that the distance correc-
tive coefficient k is closest to 1. Then, each time the
distance between the two points A, B is obtained from
the GPS positioning device 1, the distance data is
substituted in the equation (2) to determine the dis-
tance corrective coefficient k, so that the series of dis-
tance corrective coefficients k thus determined will
converge. More specifically, as indicated by the equa-
tion (3) below, a present distance corrective coeffi-
cientk, is calculated by adding, to a previous distance
corrective coefficient k., determined according to
the equation (2), a certain proportion of the difference
between the initial distance corrective coefficient k
and the previous distance corrective coefficient k. 4.

kn=kn-1+h(k'kn-1) (3)
where h is a constant ranging from 0 to 1.

Since the distance corrective coefficient k is au-
tomatically corrected based on the distance data from
the GPS positioning device 1, the calculated distance
that the reception point has traveled is prevented from
suffering from an error which would otherwise result
from accumulated errors of the speed sensor 7. The
distance corrective coefficient can also be corrected
when the number of passengers on board varies or
the road condition varies, without unduly imposing a
burden on the user.

The distance corrective coefficient k may be cor-
rected if all the conditions (1) through (5) are satisfied.

FIG. 4 shows an operation sequence for correct-
ing the distance corrective coefficient k based on the
distance.

After the navigational data processing system
starts to operate, the data processor 9 determines, a
step S21, whether the radio waves from the GPS sat-
ellites are being received by the GPS antenna 3, and
also whether or not the data from the GPS positioning
device 1 satisfy the conditions (1) through (3) or the
conditions (1) through (5). If the data from the GPS
positioning device 1 satisfy the conditions (1) through
(3) or the conditions (1) through (5), then the data
processor 9 determines whether or not the navigation
system is an initial state in a step S22. If in the initial
state, the data processor 9 varies the value of p from
0 to 1 to 2 in the equation (1) to determine the value
of p such that the distance corrective coefficient k is
closest to 1 in a step 23. If not in the initial state, the
data processor 9 skips the step S23. After the step
S23, the data processor 9 carries out a calculation ac-
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cording to the equation (2) in a step S24, and then car-
ries out a calculation according to the equation (3) in
a step S25, determining the corrected distance cor-
rective coefficientk. If the data from the GPS position-
ing device | do not satisfy the conditions (1) through
(3) or the conditions (1) through (5) in the step S21,
then the data processor 9 does not automatically cor-
rect the distance corrective coefficient k.

The data processor 9 executes the operation se-
quence shown in FIG. 4 each time it receives data
from the GPS positioning device 1, and automatically
corrects the distance corrective coefficient k each
time the data from the GPS positioning device 1 sat-
isfy the conditions (1) through (3) or the conditions (1)
through (5).

The data processor 9 may also operate to correct
the distance corrective efficient k based on the speed
datafrom the speed sensor 7. The distance corrective
coefficient k as it is related to the speed data will be
described below.

The speed v of the automobile upon elapse of a
unit time t is expressed as follows:

v = k-n-1:2F>—1 )

From the above equation (4), the distance correc-

tive coefficient k is given as follows:
_ 2r-a vt
k = T (5)

FIG. 5 shows an operation sequence for correct-
ing the distance corrective coefficient k based on the
speed data.

After the navigational data processing system
starts to operate, the data processor 9 determines, a
step S31, whether the radio waves from the GPS sat-
ellites are being received by the GPS antenna 3, and
also whether or not the data from the GPS positioning
device 1 satisfy the conditions (1) through (3) or the
conditions (1) through (5). If the data from the GPS
positioning device 1 satisfy the conditions (1) through
(3) or the conditions (1) through (5), then the data
processor 9 determines whether or not the navigation
system is an initial state in a step S32. If in the initial
state, the data processor 9 varies the value of p from
0 to 1 to 2 in the equation (4) to determine the value
of p such that the distance corrective coefficient k is
closest to 1 in a step S33. If not in the initial state, the
data processor 9 skips the step S33. After the step
S33, the data processor 9 carries out a calculation ac-
cording to the equation (5) in a step S34, and then car-
ries out a calculation according to the equation (3) in
a step S35, determining the corrected distance cor-
rective coefficientk. If the data from the GPS position-
ing device 1 do not satisfy the conditions (1) through
(3) or the conditions (1) through (5) in the step S31,
then the data processor 9 does not automatically cor-
rect the distance corrective coefficient k.

The data processor 9 executes the operation se-
quence shown in FIG. 5 each time it receives data
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from the GPS positioning device 1, and automatically
corrects the distance corrective coefficient k each
time the data from the GPS positioning device 1 sat-
isfy the conditions (1) through (3) or the conditions (1)
through (5).

While the present invention has been described
with respect to a navigation system, the principles of
the present invention are also applicable to an engine
control system, a speed display device, a distance
display device, or the like.

Although certain preferred embodiments of the
present invention have been shown and described in
detail, it should be understood that various changes
and modifications may be made therein without de-
parting from the scope of the appended claims.

Claims

1. A navigation system comprising:

GPS positioning means (1) for determin-
ing a present position thereof from radio waves
transmitted from GPS satellites;

stand alone type positioning means (2) in-
cluding an direction sensor (6) and a speed sen-
sor (8), for determining a present position thereof
from direction data from said direction sensor (6)
and speed data from said speed sensor (8); and

data processing means (9) for selecting
one, at a time, of data from said GPS positioning
means (1) and data from said stand alone type
positioning means (2), said data processing
means (9) comprising means for selecting the
data from said GPS positioning means (1) if a
PODP value is equal to or smaller than a prede-
termined value, if speed data from said GPS pos-
itioning means (1) is equal to or greater than a
predetermined value, and if the difference be-
tween said speed data from said GPS positioning
means (1) and the speed data from said stand
alone type positioning means (2) is equal to or
smaller than a predetermined value.

2. Anavigation system according to claim 1, where-
in said data processing means (9) comprises
means for selecting the data from said GPS pos-
itioning means (1) additionally if the data from
said GPS positioning means (1) has been ob-
tained consecutively three times at time intervals
each equal to or smaller than a predetermined
value, and if the consecutive three data from said
GPS positioning means (1) are equal to or smaller
than a predetermined value.

3. A navigation system comprising:
GPS positioning means (1) for determin-
ing a present position thereof from radio waves
transmitted from GPS satellites, said GPS posi-
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tioning means including means (5) for determin-
ing the distance between two geographical
points;

stand alone type positioning means (2) in-
cluding a speed sensor (7), for determining a
present position thereof from speed data from
said speed sensor using a distance corrective
coefficient; and

data processing means (9) for correcting
said distance corrective coefficient based on the
determined distance from said GPS positioning
means (1) if a PODP value is equal to or smaller
than a predetermined value, if speed data from
said GPS positioning means (1) is equal to or
greater than a predetermined value, and if the dif-
ference between said speed data from said GPS
positioning means (1) and the speed data from
said stand alone type positioning means is equal
to or smaller than a predetermined value.

A navigation system according to claim 3, where-
in said data processing means (9) comprises
means for correcting said distance corrective
coefficient based on the determined distance
from said GPS positioning means (1) additionally
if the data from said GPS positioning means (1)
has been obtained consecutively three times at
time intervals each equal to or smaller than a pre-
determined value, and if the consecutive three
data from said GPS positioning means (1) are
equal to or smaller than a predetermined value.

A navigation system comprising:

GPS positioning means (1) for determin-
ing a present position thereof from radio waves
transmitted from GPS satellites, said GPS posi-
tioning means (1) including means for producing
speed data;

stand alone type positioning means (2) in-
cluding a speed sensor (7), for determining a
present position thereof from speed data from
said speed sensor using a distance corrective
coefficient; and

data processing means (9) for correcting
said distance corrective coefficient based on the
speed data from said GPS positioning means (1)
if a PODP value is equal to or smaller than a pre-
determined value, if speed data from said GPS
positioning means (1) is equal to or greater than
a predetermined value, and if the difference be-
tween said speed data from said GPS positioning
means (1) and the speed data from said stand
alone type positioning means (2) is equal to or
smaller than a predetermined value.

A navigation system according to claim 5, where-
in said data processing means (9) comprises
means for correcting said distance corrective
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coefficient based on the determined distance
from said GPS positioning means (1) additionally
if the data from said GPS positioning means (1)
has been obtained consecutively three times at
time intervals each equal to or smaller than a pre-
determined value, and if the consecutive three
data from said GPS positioning means (1) are
equal to or smaller than a predetermined value.
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